Journal of Computer Applications

AR R, 2020, 40(9) : 2577 - 2585

ISSN 1001-9081
CODEN JYIIDU

2020-09-10
http://www. joca. ¢n

B GS: 1001-9081(2020)09-2577-09

DOI:10. 11772/j. issn. 1001-9081. 2020010077

4 Fl R 7SI & 3L & %——RUFS

FTRF,HE K
GEAERE RN S5 H AR R L5t 100084)
(s A VEE L T HRAH chenkang@isinghua. edu. cn)

B OE AT R Sk AR AR AR BT LR 5 A R GL R AR T A e BP0 PR L 4R R T AR Apt Al
T & BAF(SPDK) B2 S A % td 5 ik, b b L T — AR A X4 2% RUFS 09 B A, % A %38 i 418 4%
AT 09 B SRt 2 M L BT A R AR TR B BT E 2 i id SPDK A XA M. Ao FAZAEAEA
Z7% B (RDMA ) 3 R 3t P3R4 SAF 2 % 4. RUFSAB4R T NFS+ext4, £ 4 KB AL 7] L, i85 ek 4t 0 348 5 T
202.2% #2738.9%, i B F 3 R 5 FI KA T 74.4% 42 97. 2% ; £ A MBI F 35 9] b, i B A ek e > A3 Z T
153. 1% A2 44. 0%, 1= K3 5 TEAEIRAE L, RUFS 48 bt NFS+extd AL A 2 F 3, 45 51 & M & 4] 22 3:4F , RUFS 89 &
b AR 3 T 295693, 8%, % R LER S AL A AE B ik W e 3 ik AR X A ey AR B, A A P AR AL BE B AR Ak
VERE F 4T 0 A R RS

KBRS AL, ZRABAFTE BHERETAEM AP A2%; B AR A

R E 425 TP302. | M ERFRAERD: A

RUFS: a pure userspace network file system

DONG Haoyu, CHEN Kang’
(Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China)

Abstract: The overall performance of traditional network file system is affected by software overhead when using high-
speed storage device. Therefore, a method of constructing a file system using SPDK (Storage Performance Development Kit)
was proposed, and a prototype of a network file system RUFS (Remote Userspace File System) was realized on this basis. In
this system, the directory tree structure of file system was simulated and the metadata of file system were managed by using
key-value storage, and the file contents were stored by using SPDK. Besides, RDMA (Remote Direct Memory Access)
technology was used to provide file system service to clients. Compared with NFS+ext4, on 4 KB random access, RUFS had
the read and write bandwidth performance increased by 202. 2% in read and 738. 9% respectively, and had the average read
and write latency decreased by 74. 4% and 97. 2% respectively; on 4 MB sequential access, RUFS had the read and write
bandwidth performance increased by 153. 1% and 44. 0% respectively. RUFS had significant advantages over NFS+ext4 on
most metadata operations, especially on the operation of folder creation, RUFS had the bandwidth performance increased by
about 5 693. 8%. File system service with lower latency and higher bandwidth can be provided by this system via making full
use of the performance advantages of the high-speed network and high-speed storage device.

Key words: file system; Remote Direct Memory Access (RDMA); Storage Performance Development Kit (SPDK);
userspace system; Solid State Disk (SSD)
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Fig. 2 Relationship between directory tree and key-value pairs

TE RUFS 1, —ANSCPE/SC I 1 e i A 45 - mode (He
AL TSI RS B (gid uid . atime . ctime .mtime, X
T IR SO BB SRS LAY blob BUARSEAE B 1
Z TR BRAE A H2 11 BRI T B AR 44 19 (9] 4 creat  rmdir
85) , B GE E AT RT3 SR 44 A E BYERELXT
I S B RS 30058 2 AT A 40T i, B4R B B A5 44 0T LAY 7Y
S AR R B4R o AR A F AR s R b AR A POSIX
T SCHY K, 2R B[R] I 2 W4 A X 35 U2 15 A U5 R AR o
X B S OCEE Y mode  gid Al uids S T IHBRTEAL
REL AT 7 3 i, 6 N RS X B &R 37 1), RUFS H: mode L gid



2580 HH AR

% 40 %

Fluid 153 2] 1 ERUEEAE S vh o 18] 3 7R T s e A S
AT AF Al AN ) A B RS R S

only for file

Meta-N

[ E [ parent-UUID [ name ] UUID [ mode [ gid [ uid ]

Meta-E
P13 fERE B A T B 7 =X

Fig. 3 Method of storing metadata in key-value pairs

FRYE POSIX 18 XIWEESK , SCHEAE B AT 2 S B, ST B
(i) B 2B AR 7 b i AR, SO R T BB A A ARk . TSR
TR X B2l B[] 4 21 RocksDB 24 Hv, 24 28 4 75 2 [m] i Ak 2K
= NS TE KA, RocksDB 195 A RE L & ARG 10)
B, KL, 7E RUFS o, SO 4 B R 1) B0 25 A7 6 ZE X
NI blob W TCEAR H o M SO 1325 B, SO R RN ()
A8 Ak H 25 704 2 blob B TTEHE 4SO B OGR4 B2 Al
Bof (] A 259k [7) 25 0] RocksDB .
2.2.2 FUEIERAF R T BA IR Z A

B TEHAREEVE (14N rename ) 551X B ST £ ik
B, 0 T ARIEERVE IR T, RUFS WP TA AT RE#E B H e 78
b, SR BRI A BROA H SRR & AR S5 AR I R A L 4R
FIFH T RocksDB 245 2 (RIETC B A E A R 1

RUFS Bl 55 # i o — A~ 2 A0 R 5, RENE I K b T 2l
H SRR 254 SR TEA T R sl k& P A ik . T ERAl
i RocksDB 3155, Toidi bt G ik FE IS 12 . 16l 4 7R T — ity
DL 72 H SRR RIS, REFIBTIRE] T creat $
VEFAT rmdir #24E , 1 T RocksDB F-45 HANH'ES S #/ERY nh2g
DR G P A SO B 3 55 45 LUOT B M AT, Ik AT T 3545 42
ARG T creat BAEQNHEE T — A2 BT 5. A Tl
X — [A]#8, RUFS F] 1 T RocksDB & 55 /1 Y get_for_update
fEo X—FAESEAE RocksDB 2y B AREEE XTI _L—~ 385 41,
WIS H SR AT s S B, SRR R G B 1 I &
PRVEREIN H WS4 . 2 MBIIIT L, RUFS SR 3 A
P FRIU) < 6 T PR A1 AR 50 a5 A FH B, 25 P 2 7E B SRR R IR
BERTR, HB4 RUFS 2 A 117 A B BR 01 a5t . 5 7
FAE H FA TR EEAHIE], RUFS 23 A UUID /N5 3 UUID 4%
KE N RUFS M7 U AN, S5 i G ST n) 8

SR © g (»)

K4 IR ICEERHRAE S B TR
Fig. 4 Error caused by concurrent metadata operations

2.3 HiEEE

SPDK #2 it 3 4~ 74t i)k 55 , 43 5l & BDev (Block Device) .
Blobstore I BlobFS. 1 : BDev HR B 5 1915 X, it T
1 B, ANSE 5 RS BSOS s BlobFS AN SR SCIF Y BEAL
5 A ;17 Blobstore T GE4& HXT G A4 15 S, 42 HLEEXT blob By
I MER BEPLEES KRS AR . RUFS 5 5 f B SC
1F N2 B9 EEAE , L5t 2 Blobstore W & X blob AU ERME . I,

commit

commit

RUFS BEFEH 4 77 7 Blobstore 1.

A HE—A SO, RUFS BE7E Blobstore HPA g —~ 4 5 1Y
blob. H s 1 1) SCHET 45 55 Blobstore 1) blob —— X Ji7 .
blob 4% # {55 &, (blob JIT J& [ Blobstore Fl blob D) , £ i A 3C
1 TC B ) — 3843, FEAB AE RocksDB 24+, A — > Blobstore
SR FH— 1[5 22 1Y reactor B B, X Blobstore AT #4F , 10
35 blob [ & N B 52T, AR T B 58 45 X W 1Y reactor, F
reactor%ﬁio
2.3.1 THIEL B — O Rk

21 B N Bk — A~ SCPERT , RUFS AR5 ZE A H 5%
B A 254, 1875 BE7E Blobstore I B 2 554 MH Bk AH B 1 blob , 4
FESCMETT 855 blob B——XF 1 o LA T 28OCRY B A s
BRIATANSEHE BRSO 155 blob ——XF R Y R o W™
A2 T U S Y blob (AR Xof I SO 501 blob ) , W 3 A fig 5 8]
BTG , A0 SR ST 5 A X IRE Y blob , ) S5 Bd 52k

RUFSFIH T —FPELTF blob Fric () TF B fif P A ] Bt
FEA I KR A AT B HE ST K R 1Y blob ARic ol B i
#4 (detached ) , 6407 B 15 BiC % 5 RocksDB 7, X FE R i i
Fwatl, BJE RUFS Z )5 , RETWREDS AL 4L blob .

[ 5(a) 7R T SCAERY creat R B2, B0 A #E19 blob 2 B brid
A detached , If-iC 5 E RocksDB 24 7, B AT 78 blob JGEUE X &
B, IF BB A7 B AT B E S 7E B SR S, RocksDB H1 A
detached JC S A S WIS . WA B R LS BURAE R A 584
AT, RUFS 72 81 J8 3 I, il 33 K 4% blob 1Y JT % 4k AN
RocksDB H i91E 5% , BEHE [ WU 25 19 blob.  Detached g % 4
B 2 5 H g i ERAE AL T [ —> RocksDB 31 55 11, R R IIE
creat I YI G , HEAIEE H 1 blob AN 2Bk SR Hb B & 5(h) J#
7R T 3CH Y unlink #24E , F14C blob & detached A4 33 72 2 F1 ]
I SR A A I AR L [ — 1 RocksDB 3545 . X BEARIE R
BEOCEE A BB 2y, B th B A B, Ui 25 9 blob 4
PNt

create blob
&
get blob info
| mark blob detached |
: ] R o relaunch
: — ¢ crash &
; [ initializeblob | } delete uninitialized blob
- &
create 2“18 node delete detached blob
remove detached mark
(a) LB HCreate file
delete file node
&
mark blob detached
relaunch
: &
lookup detached blob
: A

| remove detached mark |

(b) CHMIERUnlink file
K5 QEEFINBR SRR T
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